This study aimed to investigate the relationship of snacking with emotional and behavioural problems among overweight and obese adolescents participated in MyBFF@school program. Baseline data of the MyBFF@school intervention study from 620 adolescents with mean age(SD) of 14.6(1.3) years old were utilised. The snacking frequencies in the past week were assessed using a validated nutritional Knowledge, Attitude and Practice (KAP) questionnaire while the emotional and behavioural problems were measured using the Youth Self-Report questionnaire. The study found a significant positive association between snacking and all symptoms of emotional and behavioural problems. There were also differences in the association based on gender, school location and ethnicity. The findings suggested that there are significant positive associations between snacking and emotional and behavioural problems among overweight and obese adolescents. History of snacking may be used to identify overweight and obese adolescents with these problems and various initiatives may be implemented to overcome them.
Background
Many studies have found association between food intake and psychological well-being. A meta-analysis found that the risk of depression is negatively associated with vegetable and fruit consumption (Liu, Yan, Li, & Zhang, 2016) . This is consistent with studies that found an inverse relationship between vegetable and fruit consumption with mental health disorders and symptoms (McMartin, Jacka, & Colman, 2013; Tsai, Chang, & Chi, 2012) . Another study found that obese patients are prone to consume more foods containing carbohydrate (Wurtman & Wurtman, 1995) . These findings could have an impact on the psychological well-being of obese children as a study among obese children with mean age of 13.7 years old found that they have lower capacity in resisting food compare to normal weight children (Nederkoorn, Braet, Van Eijs, Tanghe, & Jansen, 2006) .
Based on the findings from the National Health and Morbidity Survey (NHMS) 2017, 70.8% of overweight secondary school children in Malaysia snacked 1 to 3 times in a week and 22.2% of them snacked 4 to 6 times in a week whereas obese secondary school children accounted for 72.1% and 20.0% of each category respectively (Institute for Public Health (IPH), n.d.-b). The high prevalence in snacking among them could be detrimental as a systematic review revealed significant association between snacking and depression among children and adolescents (Khalid, Williams, & Reynolds, 2016) . Another study in China among children with a mean age of 13.2 years old also revealed that children who snacked frequently were more exposed to depression and anxiety (Weng et al., 2012) . Interestingly, a study among Italian children showed a significant reduction in the symptoms of anxious/depressed as well as a significant reduction in the consumption of snacks (Vignolo et al., 2008) .
Therefore, the high prevalence in snack consumption should be a matter of public health concern especially among the overweight and obese children and adolescents due to their lack of inhibitory control. However, there is a paucity of information regarding the relationship between frequency of snacking per se with a wide range of emotional and behavioural problems. To the best of our knowledge, there are very few evidence on snacking with a primary focus on depression and anxiety, found in the literature (Chaplin & Smith, 2011; Kanarek, 1997; Smith, 2011; Smith & Rogers, 2014) . This study aimed to investigate the association between frequency of snacking and symptoms of emotional and behavioural problems among overweight and obese adolescents participated in "My Body is Fit and Fabulous at School" (MyBFF@school) program.
Methods
This is the baseline data of MyBFF@school intervention program, involving overweight and obese adolescents from 5 rural and 10 urban secondary schools in Kuala Lumpur, Selangor and Negeri Sembilan. A total of 10866 adolescents aged 13, 14 and 16 years old, with no medical condition were screened by trained personnel. The adolescents were categorized as overweight if they have BMIfor-age more than +1SD but less than or equal to +2SD whereas adolescents with BMI-forage more than +2SD were categorized as obese, based on the WHO 2007 Growth Reference ("WHO | BMI-for-age (5-19 years)," n.d.). There were 2910 (26.78%) overweight and obese adolescents who were eligible to participate in the study. All of them were approached for consents from their parents or guardian. Informed written consents were received from 1041 (35.8%) adolescents. Data for this study were collected using a socio-demographic questionnaire completed by the parents together with two self-reported questionnaires which are the nutrition knowledge, attitude and practice (KAP) questionnaire and the Youth Self-Report questionnaire. However, only 620 (59.5%) adolescents completed both self-reported questionnaires used in this study.
This 
Instrument
Data on snacking frequency was collected through a pre-tested nutritional Knowledge, Attitude and Practice (KAP) questionnaire. The adolescents were asked on how many days they eat snacks such as sweets, chocolates, crackers and pickels for the past seven days. In this study, snacks are defined as foods eaten between traditional mealtimes such as breakfast, lunch and dinner. They were also asked to name one type of snack that they often eat the most. There are four types of snack categories in this study namely; fresh fruits; salty snacks such as french fries and crackers; energy-dense snacks containing high amount of carbohydrate and fat such as bread/bun/sandwich, cake, ice cream, traditional Malaysian "kuih" and candy; and other snacks (Majlis Keselamatan Makanan dan Pemakanan Kebangsaan, Malaysia, & Kementerian Kesihatan, 2013) .
Meanwhile, symptoms of emotional and behavioural problems were assessed by using the Youth Self-Report (YSR) questionnaire that was developed by Thomas M. Achenbach in 1991 by deriving it from the Child Behaviour Checklist (T. M. Achenbach, 1991) . There are 112 items in the instruments with eight constructs which are anxious/depressed, withdrawn/depressed, somatic complaints, social problems, thought problems, attention problems, rule-breaking behaviour and aggressive behaviour (T. M. Achenbach, 1991) . Each item was rated by the adolescents as zero (not true), one (somewhat/sometimes true) or two (often/really true) (Thomas M Achenbach & Rescorla, 2001 ). The YSR instrument was translated by professional translators through a back-to-back translation. Then, it was pretested, revised accordingly and piloted in schools in Putrajaya. The reliability of the instrument was proven with overall Cronbach alpha of 0.70, exceeding the cut-off value (Hinton, Brownlow, McMurray, & Cozens, 2004) .
Statistical Analysis
Chi-square test of homogeneity was used to determine the distribution of the adolescents and the distribution of the type of snacks usually consumed by the adolescents across the socio-demographic characteristics. Spearman's rank order correlation was computed to measure the strength of relationship between snacking frequency and the symptoms of emotional and behavioural problems. Data was stratified based on gender, school location and ethnicity in the analyses. All statistical tests were conducted at 5% significance level. All data analyses were conducted using IBM Statistical Package for the Social Sciences (SPSS) version 20 (SPSS Inc., Chicago,IL., USA).
Result
There were 620 overweight and obese adolescents with a mean age(SD) of 14.6(1.3) years old who completed the self-reported questionnaires where most of them are girls, X 2 (1)= 8.64, p=0.003. There was no statistically significant difference observed in age groups, school location and ethnicity between the overweight and obese adolescents ( Table 1) .
The type of snack that was often consumed by most of the adolescents is energy-dense snacks followed by fresh fruits, salty snacks and other type of snacks, X 2 (3)=628, p<0.001. There was no statistically significant difference observed in the type of snacks often consumed by the adolescents based on their gender, school location and ethnicity (Table 2) .
There were significant positive associations, albeit weak between snacking frequency in a week with all symptoms of emotional and behavioural problems among the overweight and obese adolescents. However, there were gender differences in the association of snacking frequency with the symptoms of emotional and behavioural problems where the girls show significant positive associations with all symptoms whereas the boys only have significant positive associations with the symptoms of rule-breaking behaviour, aggressive behaviour and total behaviour. Besides that, there were also differences in the association of snacking frequency with the symptoms of emotional and behavioural problems based on the location of the schools. Adolescents from urban schools had significant positive associations with all symptoms apart from the symptom of withdrawn/depressed whereas adolescents from rural schools only showed significant positive associations for the symptoms of social problems, rule-breaking behaviour and aggressive behaviour. Differences in the association were also found between the ethnicities of the adolescents where the Malay ethnic group had significant positive associations with all symptoms whereas the Indians had significant positive associations with the symptom of aggressive behaviour only. Significant association was not found in all other ethnics apart from the Malay and Indian ethnics. Table 3 shows the Spearman's rank-order correlation between snacking frequency and all symptoms of emotional and behavioural problems.
Discussion
Most of the overweight and obese adolescents in this study usually consumed energy-dense foods containing high amount of carbohydrates and fats as snacks (Majlis Keselamatan Makanan dan Pemakanan Kebangsaan et al., 2013) . The consumption of carbohydrate is one of the factors triggering the release of serotonin in the brain followed by improved mood (Erdmann, Leibl, Wagenpfeil, Lippl, & Schusdziarra, 2006) . The findings of this study is consistent with the study by Wurtman et al who showed obese patients with depressive symptoms tend to eat more carbohydrate for mood improvement (Wurtman & Wurtman, 1995) . A systematic review concerning the relationship between diet and depression also found two studies reporting significant association between snacking and depression among children and adolescents. On the contrary, there are other similar studies that did not found any significant association between the former and the latter (Khalid et al., 2016) . The findings from this study is also supported by another study among children (mean age 13.2 years) in China that shows children who snack more had higher odds of depression and anxiety (Weng et al., 2012) . On top of that, a study among Iranian school children (mean age 12.5 years old) also found increase odd of anxiety among children who eat sweets and salty snacks (Zahedi et al., 2014) . Apart from depression and anxiety, this study also found an association of snacking with somatic complaints. This association could be explained by a study by Wittchen et al that revealed strong evidence on the interrelationship between anxiety and depression with somatic symptoms (Wittchen & Einsle, 2012) . The findings from this study are also consistent with a study among 240 adolescents aged 13 to 15 years old in India by Kaur M. Kaur M revealed that adolescents who eat more energy-dense snacks such as chips, cookies and breads have lower attention span. In contrast, the attention span improved among those who have higher daily intake of all nutrients. The study also found that BMI of their studied adolescents positively correlates with snacking and negatively correlates with attention span (Kaur, 2018) . Significant negative correlation was also found between attention span and the consumption of fast foods which are also densely packed with high amount of energy (Kaur, 2018; Prentice & Jebb, 2003) .
Studies on the relationship between snacking and symptoms of social problems, thought problems and rulebreaking behaviour are limited. A fiveyears longitudinal study by Vignolo et al. on 31 obese children aged 6 to 12 years old showed a significant reduction on snacking, a slight reduction in the symptoms of social problems and thought problems as well as a slight increment in the symptoms of rule-breaking behaviour at the end of the program. However, all changes in the aforementioned symptoms are not significant. Even though there is a pattern of reduction in symptoms of social problems and thought problems with a significant decrease in snacking, the association between snacking and the symptoms were not analysed (Vignolo et al., 2008) .
The association of aggressiveness with snacking of foods that primarily contain carbohydrates is supported by two animal studies on Gottingen minipigs and Argentine ants. As carbohydrates are needed for metabolic function, both studies found that aggression was limited in their respective test subjects when they were on low carbohydrate diet (Grover, Kay, Monson, Marsh, & Holway, 2007; Haagensen et al., 2014) . The finding is further supported in a study among Iranian children and adolescents by Zahedi et al that revealed significant association between salty snacks consumption with violent behaviour that comprises physical fight, victims of bullying as well as acting as the perpetrators. However, he argues that sweet snacks consumption does not significantly correlates with aggression (Zahedi et al., 2014) .
Our study also revealed differences in the association between snacking frequency and the symptoms of emotional and behavioural problems based on gender, school location, ethnicity and body weight group, despite the similar preference on the type of snacks between all groups. Snacking frequency among the girls are significantly associated with both emotional and behavioural problems whereas the boys only show significant association with behavioural problems. These findings are consistent with a study by Brooks et al. who found negative association between healthy diet and emotional problems such as depression only in girls (Brooks, Harris, Thrall, & Woods, 2002) . Gender differences in aggressive behaviour in particular could be due to the different hormonal mechanisms between the different gender (de Almeida, Cabral, & Narvaes, 2015) . The differences of the association based on gender could be due to the different level of physical activity. Higher level of physcial fitness were observed among boys compared to girls in our study (unpublished result) . A study by Kantomaa et al. shows that higher level of physical activity among boys aged 15-16 years old is associated with lower level of emotional problems such as the symptoms of anxious/depressed, withdrawn/depressed, social problems thought problems and attention problems (Kantomaa, Tammelin, Ebeling, & Taanila, 2008) . Based on the NHMS 2017, the prevalence of boys aged 13-17 years old who were physically active were higher than that of girls of the same age. Moreover, the percentage of girls spending more than three hours of time doing sedentary activities when not in school is higher than the boys (Institute for Public Health (IPH), n.d.-a).
Besides that, there are also differences in the association of snacking frequency with emotional and behavioural problems between adolescents from rural and urban schools. In Malaysia, adolescents from urban secondary schools have higher prevalence of internet usage and internet addiction (Institute for Public Health (IPH), n.d.-a). We hypothesize that the differences could be due to the effects of internet addiction as a study among students from middle and high schools students in Korea revealed that children with internet addiction have worse emotional and behavioural problems (Kim, Ha, Lee, Cho, & Song, 2005) . Having emotional dependance on social media such as Facebook could also affect their psychological well-being negatively (Naeemi & Tamam, 2017) .
Snacking frequency among Indian ethnicity significantly correlates with aggressive behaviour. On the other hand, the snacking frequency among the Malay ethnicity significantly correlates with all symptoms of emotional and behavioural problems. The differences between the Malaysian ethnics could be due to genetics and cultural differences. A study by Craig and Halton suggest that differences in human aggressive behaviour could be contributed by genetic factors and their interaction with the environment (Craig & Halton, 2009) . Another study by de Almeida et al. also suggests the influence of genetic factor in aggressive behaviour (de Almeida et al., 2015) . Meanwhile, a different study in Singapore that has similar major ethnics as in Malaysia found that the Malay ethnic has the lowest overall quality of life even after adjustment for health and socio-economic status (Ng, Lim, Jin, & Shinfuku, 2005) .
A limitation of this study is the possibility of recall bias or inaccurate reporting by the adolescents regarding the frequency of snacks consumption in the past seven days when completing the nutritional KAP questionnaire due to the differences in accuracy or completeness of recollections retrieved by the adolescents. Another limitation is the application of an assessment tool, the YSR questionnaire to infer the symptoms of emotional and behavioural problems among the adolescents. However, the YSR instrument is reliable since it was found to have good internal consistencies during the pilot study. Moreover, the influence of micro and macro nutrients from the snacks on emotional and behavioural problems were not studied here as we did not measure the nutrient intake of the adolescents. Ideally, comparison should also be made with normal-weight adolescents. However, this study only elucidates the relationship between snacking and emotional and behavioural problems among overweight and obese adolescents.
Conclusion
Frequent snacking could be an indication of emotional and behavioural problems among overweight and obese adolescents as there are significant association between them especially if they are girls, adolescents from urban schools and the Malay ethnic. Parents of overweight and obese adolesents should pay particular attention to their children if there is an increase in frequency of snacks consumption. Snacking history could also be used for the identification of overweight and obese adolescents with emotional and behavioural problems. Overweight and obese adolescents are recommended to reduce snacks consumption as it could probably reduce their emotional and behavioural problems.
participants and teachers for helping in data collection. Special thanks to Dr. Hj. Tahir Bin Aris as the coordinator of MyBFF@school project.
Funding
The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication of this article: This work was supported by the Ministry of Health Malaysia [grant number NMRR-13-439-16563] .
